Introduction {#sec1-0300060516664241}
============

Stroke or a cerebrovascular accident, is a common cause of death and a leading cause of long-term, severe disability in both developed and developing countries.^[@bibr1-0300060516664241]^ In China, stroke is becoming the leading cause of death and adult disability.^[@bibr2-0300060516664241]^ Stroke mortality accounts for 19% of the total mortality rate and exceeds ischaemic heart disease mortality, which accounts for 8% of all deaths.^[@bibr3-0300060516664241]^ It has been estimated that China has 2.5 million new stroke cases each year and 7.5 million stroke survivors.^[@bibr4-0300060516664241]^

Historically, China had a higher stroke mortality rate in urban areas compared with rural areas.^[@bibr4-0300060516664241]^ By contrast, in developed countries, the risk of stroke has always tended to be higher among economically disadvantaged populations than better-off ones.^[@bibr5-0300060516664241],[@bibr6-0300060516664241]^ However, the burden of stroke in China is shifting; two studies have reported that stroke mortality rates in rural areas now exceed rates in urban regions.^[@bibr7-0300060516664241],[@bibr8-0300060516664241]^ One study found that there was a significant decrease in stroke mortality in urban areas compared with rural areas where stroke mortality barely changed.^[@bibr7-0300060516664241]^ In addition, the fall in the mortality rate in urban regions was mainly among elderly subjects aged 55--74 years.^[@bibr7-0300060516664241]^

To understand factors that contribute to the urban--rural shift in stroke mortality in China and to determine if age is an important factor, it is important to examine macro-level trends from multiple dimensions. Biological, historical and/or social factors may explain the dependent effects of age, period and cohort that bridge the gap between a micro-level theory and a macro-level phenomenon.^[@bibr9-0300060516664241][@bibr10-0300060516664241]--[@bibr11-0300060516664241]^ The challenge in evaluating temporal patterns in stroke mortality is finding the best way to deconstruct the effects of cohort, age and time-period.^[@bibr9-0300060516664241]^ The age-period-cohort (APC) analysis has been suggested as being one of the best ways to tease out the effects of each factor.^[@bibr9-0300060516664241]^ The model has been widely used in sociological, demographical and epidemiologic studies.^[@bibr12-0300060516664241]^ Accordingly, empirical studies from several countries have examined stroke incidence and trends in mortality using the APC analysis.^[@bibr13-0300060516664241],[@bibr14-0300060516664241]^ However, a recent methodological development in APC analysis, namely the Intrinsic Estimator (IE), which has been shown to resolve identification of various sources of variation and improve the validity of the APC model, has not previously been used.^[@bibr9-0300060516664241],[@bibr12-0300060516664241],[@bibr15-0300060516664241],[@bibr16-0300060516664241]^

To the best of our knowledge, few studies have examined the effect of age, period and cohort on trends in stroke mortality in China. Therefore, the objective of this present study was to evaluate stroke mortality in urban and rural regions in China between 1988 and 2013 using an IE-based APC analysis that would hopefully provide useful information for policy makers.

Materials and methods {#sec2-0300060516664241}
=====================

Stroke mortality data collection {#sec3-0300060516664241}
--------------------------------

For data preceding 2002, stroke was defined using codes ICD-9 430 to 438 and for data from 2002 onwards the codes used were ICD-10 I60 to I69. These codes have been used by researchers investigating trends in stroke mortality in other countries.^[@bibr15-0300060516664241]^ Data were obtained on annual stroke mortalities from the Chinese Health Statistics Annual Report (1987--2001) and Chinese Health Statistics Yearbooks (2003--2014). Data were collected from 117 urban area districts and 315 rural area counties from all 31 provinces.^[@bibr17-0300060516664241]^ Information about the Chinese population was obtained from the population censuses (i.e. 1982, 1990, 2000 and 2010). These data are separated into 18, 5-year age groupings by sex and location (i.e. urban/ rural). Using the two pieces of information, age- and regional-specific stroke deaths were computed for six time periods (P) over the years 1988 and 2013 and 13 age groups (A) for the population aged between 20--84 years. In addition, 18 birth cohorts (C) were selected beginning with those born 1904--08 and aged 80--84 in 1988 and ending with those born in 1989--93 and aged 20--24 in 2013. Subjects over 85 years were not included.

Statistical analyses {#sec4-0300060516664241}
--------------------

This study used advanced APC modelling to examine temporal changes in Chinese adult stroke mortality from 1987 to 2013 and the analysis was performed by one of the authors (Y.S.). The basic APC model is based on a log-linear model for the expected rates with additive effects for age, period, and cohort.^[@bibr12-0300060516664241]^ The model can be written as follows: $${\text{Log}(\text{r}_{\text{APC}}) = \text{log}(\text{s}_{\text{APC}}/\text{n}_{\text{APC}})}{= \alpha + \beta_{\text{A}} + \gamma_{\text{P}} + \delta_{\text{C}}}$$ where r~APC~ represents the expected stroke mortality rate in an age-period-cohort group (A, P, C); s~APC~ denotes the expected number of stroke deaths; n~APC~ is the population at risk; α is the intercept or adjusted mean stroke mortality rate; β~A~ is the effect for age groups A = 1,..., a; γ~P~ is the effect for time periods P = 1,..., p; and δ~C~ is the effect for cohorts C = 1,..., c.

The APC model cannot be estimated using conventional regression techniques because of an identification problem.^[@bibr9-0300060516664241],[@bibr16-0300060516664241]^ Any two factors (e.g. age and birth) enable the prediction of the third factor (i.e. time period).^[@bibr16-0300060516664241]^ The latest IE algorithm for the APC model has been shown to be estimable, non-biased, valid, and asymptotic and can solve the identification problem of the classical APC model.^[@bibr15-0300060516664241]^ In this present study, data were analysed using the APC_IE model and it was evaluated using Akaike's Information Criteria and Bayesian Information Criteria.^[@bibr12-0300060516664241]^ The APC_IE model produces coefficients of the effects of age, period, and cohort and these coefficients provide estimates of the mean change in stroke associated with a particular APC group relative to the mean for all APC groups combined. The standard error (SE) for every model coefficient was calculated. The log-likelihood test was used to test the significance of the coefficient estimates. Additionally, rate ratios were calculated from estimated model parameters which represented the mortality level. Mortality change was expressed by the difference in rate ratio before and after the birth cohort.

All data analyses were performed using Stata Statistical Software (Release 14; StataCorp LP, College Station, TX, USA). A *P*-value \< 0.05 was considered to indicate statistical significance.

Results {#sec5-0300060516664241}
=======

Crude stroke mortality rates for both urban and rural Chinese residents from 1987 to 2013 are shown in [Figure 1](#fig1-0300060516664241){ref-type="fig"}. The data show that until 2001, rates were higher in the urban population compared with the rural population. Stroke mortality rates in both populations then declined to their lowest values in 2003, but over the past 10 years have increased to previous levels and are now greater in the rural residents compared with urban residents. Figure 1.Overall stroke mortality in China, 1987--2013.

Age-specific variations in stroke mortality in China across the six periods for 1988, 1993, 1998, 2003, 2008 and 2013 are shown in [Figure 2](#fig2-0300060516664241){ref-type="fig"}a and variations in stroke mortality by age group over the years 1988 to 2013 (i.e. period-based variation) are shown in [Figure 2](#fig2-0300060516664241){ref-type="fig"}b. Both urban and rural regions exhibited a log linear correlation and shared the same pattern for stroke mortality with mortality increasing by age group ([Figure 2](#fig2-0300060516664241){ref-type="fig"}a). The pattern of period-based variation was different across age-groups in urban populations compared with rural populations ([Figure 2](#fig2-0300060516664241){ref-type="fig"}b). In rural regions, younger age-groups appeared to have large variations, whereas in urban population older age groups had large variations ([Figure 2](#fig2-0300060516664241){ref-type="fig"}b). Figure 2.Advanced age-period-cohort modelling analysis to examine temporal changes in adult stroke mortality from 1988 to 2013. Age-specific log stroke deaths per 100 000 of the population across the 13 age groups (a). Period-based effect on log stroke deaths per 100 000 of the population across the 13 different age groups over 1988--2013 (b). Cohort-based variation of age-specific log stroke deaths per 100 000 of the population for the 13 age groups (c).

A cohort-based variation of age-specific mortality was constructed to evaluate the birth cohort effect ([Figure 2](#fig2-0300060516664241){ref-type="fig"}c). With the exception of Group 80--84 in the urban region whose mortality rate decreased continuously, stroke mortality for all age groups fluctuated between the different cohort years. Generally, younger groups had less stroke mortality.

Graphs of the APC coefficients were generated to show the net effects of age, period and cohort on overall mortality trends ([Figure 3](#fig3-0300060516664241){ref-type="fig"}). For urban residents, the adjusted mean stroke mortality rate over the entire period was approximately 62.7 per 100 000 (i.e. the exponential of the intercept, --7.37) and for rural residents it was approximately 68.7 per 100 000 (i.e. the exponential of the intercept, --7.28) ([Table 1](#table1-0300060516664241){ref-type="table"}). The same age pattern of stroke death risk was observed for both urban and rural residents, with the 20--24 years age group having the lowest stroke mortality and the 80--84 years age group having the highest ([Table 1](#table1-0300060516664241){ref-type="table"} and [Figure 3](#fig3-0300060516664241){ref-type="fig"}). Compared with the overall adjusted mean mortality rate, the mortality risk of the 80--84 year old residents was 11.5 times higher for urban residents and 12.3 times higher for rural residents ([Table 1](#table1-0300060516664241){ref-type="table"}). Rural residents had a stronger age effect on mortality among younger adults (i.e. 20--24 and 25--29 age groups) compared with urban residents but a weaker age effect on mortality was observed in the 45--49 age-group ([Figure 3](#fig3-0300060516664241){ref-type="fig"}). Figure 3.Age-period-cohort effects on stroke mortality in China from 1988--2013. Table 1.Age-period-cohort (APC) model analysis of stroke mortality in urban and rural China showing the results of APC analysis using the intrinsic estimator approach.^[@bibr15-0300060516664241]^UrbanRuralAPCSE95% CIRate ratio[\*](#table-fn1-0300060516664241){ref-type="table-fn"}APCSE95% CIRate ratio[\*](#table-fn1-0300060516664241){ref-type="table-fn"}Intercept−7.370.03−7.44, −7.310.00−7.280.05−7.38, −7.190.00Age (year) 20--24**−3.49**0.23−3.94, −3.030.03**−3.16**0.29−3.73, −2.590.04 25--29**−2.96**0.17−3.29, −2.630.05**−2.80**0.23−3.25, −2.350.06 30--34**−2.07**0.12−2.32, −1.830.13**−2.09**0.17−2.43, −1.750.12 35--39**−1.34**0.09−1.53, −1.160.26**−1.38**0.13−1.63, −1.130.25 40--44**−0.58**0.08−0.72, −0.430.56**−0.62**0.10−0.82, −0.430.54 45--49−0.030.06−0.15, 0.090.97**−0.21**0.08−0.37, −0.050.81 50--54**0.43**0.050.33, 0.531.54**0.41**0.070.28, 0.541.51 55--59**0.74**0.040.66, 0.832.10**0.69**0.060.58, 0.801.99 60--64**1.18**0.031.11, 1.253.25**1.11**0.041.02, 1.203.03 65--69**1.55**0.031.49, 1.604.69**1.46**0.041.39, 1.544.32 70--74**1.93**0.031.88, 1.986.90**1.91**0.041.84, 1.996.77 75--79**2.20**0.032.14, 2.269.01**2.17**0.042.09, 2.258.75 80--84**2.44**0.042.37, 2.5211.49**2.51**0.052.41, 2.6112.31Period (year) 1988**−0.31**0.03−0.37, −0.250.73**−0.42**0.05−0.51, −0.330.66 1993**−0.12**0.02−0.17, −0.080.89**−0.29**0.03−0.35, −0.220.75 1998**0.10**0.020.07, 0.141.110.020.02−0.02, 0.071.02 2003**0.09**0.020.06, 0.131.10−0.020.02−0.07, 0.020.98 2008**−0.07**0.02−0.11, −0.020.94**0.23**0.030.17, 0.291.26 2013**0.30**0.030.24, 0.361.35**0.47**0.040.40, 0.551.61Cohort (years) 1904--1908**1.79**0.071.65, 1.925.97**1.64**0.101.45, 1.835.15 1909--1913**1.54**0.051.44, 1.654.68**1.39**0.071.25, 1.544.02 1914--1918**1.32**0.041.24, 1.413.76**1.19**0.061.07, 1.303.27 1919--1923**1.09**0.041.03, 1.162.99**1.00**0.050.90, 1.092.71 1924--1928**0.90**0.030.84, 0.962.46**0.90**0.040.82, 0.982.46 1929--1933**0.63**0.030.57, 0.691.87**0.61**0.040.53, 0.701.85 1934--1938**0.29**0.040.22, 0.361.34**0.34**0.050.24, 0.431.40 1939--1943−0.060.05−0.15, 0.030.940.040.06−0.08, 0.161.04 1944--1948**−0.28**0.05−0.39, −0.180.76−0.130.07−0.28, 0.010.87 1949--1953**−0.45**0.06−0.58, −0.330.64**−0.32**0.09−0.49, −0.160.72 1954--1958**−0.61**0.07−0.75, −0.470.55**−0.56**0.10−0.76, −0.370.57 1959--1963**−0.75**0.08−0.91, −0.580.48**−0.77**0.12−1.01, −0.540.46 1964--1968**−0.95**0.10−1.14, −0.760.39**−0.71**0.13−0.97, −0.460.49 1969--1973**−0.89**0.11−1.11, −0.670.41**−0.93**0.15−1.23, −0.630.40 1974--1978**−1.04**0.15−1.33, −0.750.35**−1.04**0.21−1.45, −0.630.35 1979--1983**−0.92**0.19−1.30, −0.540.40**−0.87**0.28−1.42, −0.320.42 1984--1988**−0.63**0.25−1.12, −0.140.54**−0.71**0.35−1.40, −0.010.49 1989--1993**−0.99**0.46−1.89, −0.100.37−1.050.62−2.26, 0.160.35[^1][^2][^3]

After controlling for both age and cohort effects, analysis showed that the period effect on stroke mortality was modest ([Table 1](#table1-0300060516664241){ref-type="table"} and [Figure 3](#fig3-0300060516664241){ref-type="fig"}). The variation in stroke mortality by period followed a similar pattern to that observed for overall mortality rates. However, the period effect had a bigger impact on rural residents compared with urban residents after 2003. [Figure 3](#fig3-0300060516664241){ref-type="fig"} also shows the net cohort effect on stroke mortality rates for urban and rural residents. For the birth cohorts born before 1924, the cohort effect on stroke mortality was greater for urban residents compared with rural residents. For cohorts born between 1934 and 1973, the cohort effect on stroke mortality was greater for rural residents compared with urban residents. For the cohort born after 1974, both urban and rural residents shared the same trend in cohort effect; the mortality rate increased year on year from 1974 to1988 and then declined.

Discussion {#sec6-0300060516664241}
==========

In this present study, Chinese stroke mortality data were analysed by the APC_IE model that identified a modest but critical period effect, accompanied by substantial age and cohort effects over the years 1987 to 2013. According to the principle of the APC model, cohort effects should account for any historical influences on individuals and the period effect should assess any contemporaneous factors across the cohorts.^[@bibr18-0300060516664241]^ The findings of this study indicate that the Chinese government faces serious challenges with regard to stroke mortality. For example, Chinese society is aging rapidly; in 2015, the proportion of people aged 65 or above was approximately 10%, but it is estimated that this proportion will rise rapidly and reach 25% in 2040--2050 and the population aged 65 and above is estimated to reach 300 million by 2040.^[@bibr19-0300060516664241]^ The largely expanding elderly population will enhance the age effect on stroke mortality observed in this study and so will increase the burden of stroke for the Chinese health authorities.

The cohort effect on stroke mortality in the present study has probably been influenced by socioeconomic developments in China. This current analysis showed a large continuous decline in the cohort effect on stroke mortality for both urban and rural residents from those born in the earliest cohort dates (i.e. 1903--1907) to those born in the period after the reform and opening-up policy (i.e. 1988--1992). Therefore, perhaps stable domestic environments, reduced exposure to infectious diseases, improved nutrition, improved health services and increased access to health services, may have all contributed to the improved cohort survival rate.^[@bibr20-0300060516664241]^ Interestingly, the rural population had a slower decline in stroke mortality than the urban population, which suggests that rural regions are lagging behind urban regions in socioeconomic improvement. For cohorts from 1974 to 1988, the increase in stroke mortality may be explained by changes in other major stroke risk factors such as unbalanced nutrition and unhealthy lifestyles (e.g. high calorie diets, less exercise, increased smoking and alcohol use).^[@bibr21-0300060516664241]^ Without preventative interventions targeting unhealthy lifestyles and poor diet, these current findings suggest that stroke mortality rates will presumably rise again, especially in young adults.

Although the period effect was relatively modest compared with the age and cohort effects, the period effect may have been the main determinant of final stroke mortality for a specific year and might explain the urban/rural disparity of stroke mortality among different years. We suggest that several risk factors such as environmental change, access to health care services and economic difference may have caused the increase in stroke mortality attributed to the period effect for 1988 to 2013. For example, with regard to environmental influences, China is currently facing the worst and continuous air pollution problems in the world^[@bibr22-0300060516664241]^ and empirical studies have suggested ambient air pollution may be responsible for stroke mortality.^[@bibr23-0300060516664241][@bibr24-0300060516664241]--[@bibr25-0300060516664241]^ In addition, critical differences in access to health care services may also explain the urban/rural differences in the period effect.^[@bibr26-0300060516664241]^ China switched to a market-oriented health care system in the late 1970s,^[@bibr27-0300060516664241],[@bibr28-0300060516664241]^ but the profit-seeking policy resulted in the collapse of basic and essentially free health care under the Cooperative Medical Scheme and caused a rapid escalation of health care costs in the 1980s, which hit the rural residents particularly hard. By contrast, over the same period, urban residents were protected by an employment-based health insurance scheme.^[@bibr29-0300060516664241]^ With regard to economic differences, despite the introduction of the New Cooperative Medical Scheme in 2003 that aimed to subsidize Chinese rural residents and reduce the risk of disastrous medical costs,^[@bibr30-0300060516664241]^ research suggests that socioeconomic status remains a fundamental cause of mortality.^[@bibr31-0300060516664241]^ The income gap between urban and rural residents in China has continued to widen over recent years from an income ratio of 1.82 to 1 in 1983, to 3.33 to 1 in 2009.^[@bibr32-0300060516664241]^ It has been suggested that rural residents are more likely to give up seeking medication for diseases such as stroke because paying for necessary services could plunge families into bankruptcy.^[@bibr33-0300060516664241]^

This present study had several limitations. First, it did not differentiate the different subtypes of stroke because it was thought that the involvement of more strata in the analyses may have decreased the statistical power to detect small or modest effects in the three distinctive temporal effects since APC analysis is a data-thirst analytical tool.^[@bibr15-0300060516664241]^ Also, differentiating stroke subtypes may have introduced measurement error because disadvantaged rural areas have less precision in their diagnoses compared with urban areas.^[@bibr34-0300060516664241],[@bibr35-0300060516664241]^ Distinguishing stroke subtypes will be a goal for any future research that is undertaken. Secondly, the disease coding procedures changed in 2001 and the ICD-10 coding that was introduced broadened some of the disease groups to reflect more recent concepts about the pathology and aetiology of stroke; specifically, deaths previously coded as arteriosclerotic dementia were now coded as ischaemic stroke. Without additional evidence on the incidence of the arteriosclerotic dementia case deaths before and after 2002, it is difficult to speculate on the impact of this coding change on stroke mortality data. However, the ICD coding change is an historical event and therefore would only have a period effect on stroke mortality rates, and it could not affect age or cohort effects. Finally, there may have been differences between rural and urban areas in the coding of the disease in terms of completeness and accuracy. This discrepancy may have led to biases of the data but in the absence of additional information it is difficult to speculate on how these differences may have affected the overall results. Further research is required to substantiate these current findings.

In summary, the APC model was used to analyse stroke mortality trends in China between 1988 and 2013 and found a difference between urban and rural residents. These results will contribute to the limited information on stroke mortality prediction and analysis, which is important for assessing emerging risk factors for stroke and re-strategizing stroke intervention programmes, health services and health insurance policies in China.
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[^1]: Rate ratios were calculated from estimated model parameters that represented the mortality level. Mortality change was expressed by the difference in rate ratio before and after the birth cohort.

[^2]: Emboldened values are statistically significant at *P* \< 0.05.

[^3]: SE, standard error; CI, confidence interval.
